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Background:  Pregnancy is associated with numerous changes in the cardiovascular system, one of which is an elevated heart rate that may increase risk of cardiac arrhythmia. The basis for this increase in heart rate during pregnancy is poorly understood. Among the ion channels expressed in the sinoatrial node (SAN), the hyperpolarization-activated cyclic nucleotide-gated (HCN) channels coding for If are critical for cardiac pacemaker activity. Thus, the objective of this study was to examine the role of the pacemaker current and its underlying HCN channel isoforms in the increased heart rate in pregnancy.
Methods and Results:  Consistent with human data, surface ECG recordings reveal that late pregnant mice (P, 18-19 gestation days) have faster heart rate (531±14 bpm) compared with nonpregnant (NP) mice (470±27 bpm; P<0.03). Results obtained with Langendorff-perfused hearts showed that this difference persisted in the absence of autonomic nervous tone (NP, 327±16 bpm; P, 385±18 bpm; P<0.02). Current-clamp and voltage-clamp recordings were obtained using spontaneously beating cells isolated from the SAN of pregnant and nonpregnant mice. The spontaneous action potential of SAN cells from pregnant mice displayed accelerated pacing rate (NP, 292±13 bpm; P, 330±12 bpm; P=0.047) and increased diastolic depolarization (NP, 0.20±0.03 V/s; P, 0.40±0.06 V/s; P=0.004). If current density was significantly higher in SAN cells isolated from pregnant (at -90 mV, -28.6±2.9 pA/pF) compared to nonpregnant (-15.2±1.0 pA/pF; P=0.0002) mice. The increased If density was explained by higher protein expression of HCN2 channel isoform with no change either in the protein expression of HCN4 or the voltage dependence of the If activation curve. 
Conclusions:  Together these results show that an increase in HCN2 channel expression upregulates If current density and contributes to the acceleration of sinoatrial node automaticity and explains, at least in part, how heart rate may be elevated in pregnancy. 

